Background: Osteoarthritis (OA) is a common chronic disease of the joints. Genetic factors may play a role in its development, and polymorphisms in the estrogen receptor alpha gene (ERα) have been associated with OA. However, previous studies into this relationship have reported inconsistent results, so we aimed to systematically review the association between ERα polymorphisms and OA susceptibility.
Background
Osteoarthritis (OA) is the most common joint disease worldwide, and primarily affects the knees, hips, hands, and spine. It is a leading cause of disability among older individuals and also affects their quality of life [1] . It is characterized by the progressive degeneration of articular cartilage, and by subchondral sclerosis resulting in pain and joint stiffness [2] .
The etiology of OA is multifactorial, including genetic and environmental risk factors. Associated genes include GDF5 [3] , ASPN [4] , FRZB [5] , and COL2A1 [6] , while environmental factors may include obesity [7] [8] [9] , history of knee injury [10] , occupational activities [11, 12] , sex hormones and structural changes [13] , meniscectomy [14] , gender, and age [15] . Twin-pair and family genetic data show that more than 50% of OA can be attributed to genetic factors [16] . A gender difference is also apparent, with females having a greater prevalence of OA after the age of 50 years [17] . Additionally, the disease is more common among European populations [18] . The observation that the estrogen receptor (ER) is expressed in human articular chondrocytes and bone cells suggests that it may be involved in the etiology of OA [19] .
The ER has two isoforms: ERα and ERβ. ERα expression affects the growth of bone cells, while ERβ participates in the formation and resorption of bone [20] . ERα is located on chromosome 6q25.1 and contains eight exons and seven introns [21] , as well as two common restriction fragment length polymorphisms (RFLPs): XbaI and PvuII. The XbaI RFLP detects an A-G substitution at position 351 (−351int A/G; rs9340799), while PvuII detects a T-C substitution at position 397 (−397int T/C; rs2234693). A previous meta-analysis confirmed the association between bone mineral density and ERα [22] .
A number of studies have investigated the association between ERα polymorphisms and the risk of OA in different populations, but the results are inconsistent. Some discovered that ERα polymorphisms were associated with an increased risk of OA [23] [24] [25] [26] [27] [28] , while others found no association with OA risk [28, 29] , or an association with a reduced risk of OA [30] [31] [32] [33] [34] . To our knowledge, no systematic review has examined the evidence for a relationship between ERα polymorphisms and OA. Therefore, we conducted a meta-analysis to analyze the association between ERα polymorphisms and OA susceptibility.
Methods
This systematic review was conducted according to 2009 PRISMA guidelines [35] .
Search strategy
We performed a systematic research of available studies that assessed the association between ERα polymorphisms and OA. We carried out a comprehensive literature search for published studies in OVID MEDLINE, EMBASE, CBM, and PubMed databases, and Google Scholar. Primary key search terms included estrogen receptor, polymorphism, osteoarthritis, and OA. Index terms for OVID MEDLINE were: "estrogen receptor", "polymorphism", and "osteoarthritis" or "OA". The last query was updated on 30 November 2014. There were no language or other limitations on the search. Reference lists in the retrieved articles or relevant reviews were also screened to identify other eligible studies. We also searched unpublished studies by contacting clinical experts and the Arthritis Foundation National Office. A flow diagram of our literature identification strategy is shown in Figure 1 . 
Inclusion and exclusion criteria
Eligible studies were required to satisfy the following criteria: (1) the study was a cohort or a case-control study; (2) OA was diagnosed based on clinical criteria defined by the American College of Rheumatology; (3) the original study assessed the association between ERα polymorphisms (XbaI or PvuII) and OA susceptibility; and (4) the study provided sufficient genetic frequency or sufficient data for extraction. If overlapping study populations were identified between studies, only the most complete one was included in the meta-analysis. Animal studies and literature reviews were excluded.
Quality assessment of included studies
Study quality was independently assessed by two authors, based on the Newcastle-Ottawa scale (NOS) quality score systems [36] . The NOS contains eight items divided into three categories: selection, comparability, and outcome (for cohort studies) or exposure (for case-control studies). Quality scores ranged from 0 to 9. When there was disagreement on the quality scores between the two authors, discrepancies were resolved through discussion and consultation with a third author.
The quality of included studies was also assessed by the Hardy-Weinberg equilibrium (HWE) for the control genotype distribution. Studies consistent with HWE were defined as high-quality, while those inconsistent with HWE were defined as low-quality studies.
Data extraction
The following data were extracted from each full-text study using a standardized data extraction form: the name of the first author, year of publication, country in which the study was performed, study design, number of cases and controls, gender, age, genotyping, OA site, OA definition, polymorphism, and numbers of cases and controls for each of the PvuII (rs2234693), and XbaI (rs9340799) genotypes. When the information extracted from studies was inconsistent, disagreement was resolved through discussion and consultation with a third author until consensus was achieved on every item.
Statistical analysis
STATA 12.0 and Review Manager 5.2 software were used for data analysis. The pooled odds ratio (OR) and its 95% confidence interval (95% CI) were calculated to assess the association between ERα polymorphisms and the risk of OA for the following contrasts: G vs. A, AG vs. AA + GG, GG vs. AG + AA, AA vs. AG + GG, C vs. T, CC vs. TT + CT, CT vs. CC + TT, and TT vs. CC + CT. Subgroup analysis based on ethnicity was also performed. The Chi-square test was used to determine if the identified study was consistent with HWE for the control genotype distribution. Heterogeneity between studies was evaluated with the I 2 test and the Q statistic. We used the Cochrane system for heterogeneity grading: I 2 0-40%, might not be important; 30-60%, moderate heterogeneity; 50-90%, substantial heterogeneity; 75-100%, considerable heterogeneity. Heterogeneity was assessed to be significant when I 2 > 30% or when P < 0.1 for Q statistics.
The pooled effects were estimated using the DerSimonian and Laird method for random effects and the Mantel-Haenszel method for fixed effects [37] . If the studies were significantly heterogeneous, we used the random effects model. Otherwise, we used the fixed effects model to calculate the pooled OR and 95%CI. The random effects model assumes that different studies have substantial diversity and assesses both within-study sampling error and between-study variation [38] . The fixed effects model assumes that genetic factors have similar effects on OA susceptibility across all studies, and that observed variations between studies are caused by chance alone [39] . Sensitivity analyses were performed for the effect size omitting the trial for which data were imputed, and were used to evaluate the stability of the results. Publication bias was graphically represented by funnel plots and further evaluated with the Begg's test and Egger's test [40, 41] .
Results

Search results and studies included in the meta-analysis
Seventy-seven relevant studies were preliminarily identified in the database search, of which 11 [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] eventually satisfied the eligibility criteria for our meta-analysis. All included studies investigated the relationship between ERα polymorphisms and OA susceptibility. Of these, one study [33] contained data on three different OA sites and four different geographical locations, so these seven comparisons were treated independently. Therefore, a total of 17 separate comparisons were included in the present meta-analysis. Ten studies with a total of 8,502 participants (2,181 OA patients and 6,321 controls), which involved three European and seven Asian populations, evaluated the association between the ERα XbaI polymorphism and OA susceptibility, while 17 with 16,159 total participants (5,325 OA patients and 10,834 controls), involving 10 European and seven Asian populations, evaluated the association between the ERα PvuII polymorphism and OA susceptibility. Study characteristics are summarized in Table 1 .
Allele and genotype counts
Allelic counts of the ERα XbaI polymorphism were evaluated for G and A alleles. In general, the frequency of the A allele was higher in OA cases than in controls. Genotype counts of the ERα XbaI polymorphism were evaluated for GG, AG, and AA genotypes, and the frequency of the AA genotype was higher in OA cases than in the control group in all but one study [24] . The frequency of the AG genotype was lower in OA cases than in the control group in all but the same study [24] . There was no obvious difference in the frequency of the GG genotype between OA cases and controls. Allele and genotype counts for the ERα XbaI polymorphism in cases and controls are shown in Table 2 . Allelic counts of the ERα PvuII polymorphism were evaluated for C and T alleles. In general the T allele frequency Table 3 .
Quality assessment of included studies
All 11 studies had a satisfactory NOS quality score as shown in Table 1 . The distribution of genotypes in the controls was in accordance with HWE (P > 0.05) in all studies, so all were classed as high-quality.
Meta-analysis findings
A summary of the meta-analysis findings are shown in Table 4 . The ERα XbaI polymorphism was shown not to 
Sensitivity analysis and publication bias
As shown in Table 4 , heterogeneity was observed among studies in all populations and also in subgroup analyses.
To explore the sources of heterogeneity across studies we performed a sensitivity analysis, which revealed that none of the studies significantly affected the pooled ORs and CIs. Sequential removal of each study had little effect on the pooled ORs. The funnel plot revealed no obvious publication bias (Figure 4) , and this was confirmed by Begg's test and Egger's test.
Discussion
Although the pathogenesis of OA is considered to be the result of many factors, genetics are thought to be one of the most important determinants [42] . Despite the fact that ERα is one of the most studied genes in OA [43] , to the best of our knowledge this is the first meta-analysis of the relationship between ERα polymorphisms XbaI and PvuII and OA risk.
Our meta-analysis included 11 published studies (with 17 comparisons) of 16,159 participants (5,325 OA patients and 10,834 controls). Ten studies with a total of 8,502 participants evaluated the association between the ERα XbaI polymorphism and OA susceptibility, and our meta-analysis suggested that it was significantly associated with OA in European but not Asian populations. The pooled OR for homozygote AA carriers showed that they were associated with a 17% increased risk for OA compared with AG and GG carriers, and that European AG carriers had a decreased OA risk. The heterogeneity of genetic effects between European and Asian populations suggests the existence of gene-environment or gene-gene interactions. No heterogeneity was detected in European populations with respect to the ERα XbaI polymorphism and OA, suggesting that the genetic effect of this polymorphism is stronger in European than Asian populations.
Seventeen studies with a total of 16,159 participants evaluated the association between the ERα PvuII polymorphism and OA susceptibility. Our meta-analysis suggested that there was no association between the polymorphism and susceptibility to OA in any population. The same result was obtained for the subgroup analysis based on ethnicity.
Gender differences are known to affect the development of OA; for example, the prevalence of knee OA is greater in women than men [15] . Only two of the studies included in our meta-analysis were stratified according to participant gender [25, 32] , and both reported no significant differences in the ERα polymorphisms between OA patients and controls of the same sex. However, because of the small number of this type of study and the limited raw data based on gender differences in genotype distributions and allele frequencies, we were unable to perform a subgroup analysis according to gender.
Several limitations should be taken into consideration in the current meta-analysis. First, it was based on unadjusted OR estimates because not all studies presented adjusted ORs, or the ORs were not adjusted by the same potential confounders, such as age and gender. This lack of information could have caused serious confounding bias. Second, OA is influenced by both genetic and environmental risk factors such as obesity, injury, occupational activities, and meniscectomy. However, the studies included in the meta-analysis did not control for these environmental risk factors. Third, some studies included individuals with OA in different sites, but we were unable to perform subgroup analysis of this within the same ethnic population because of the limited available data. For instance, hand OA is known to be more influenced by genetic and hormonal influences than other types of OA, but the relationship between the ERα XbaI polymorphism and hand OA was only reviewed in one study of Europeans [30] and one of Asians [24] . Other studies of the ERα XbaI polymorphism and OA susceptibility in Europeans focused on three different OA sites. Finally, although our current findings suggest that the ERα XbaI polymorphism is associated with OA in Europeans, it was not possible to determine whether this polymorphism is in linkage disequilibrium with any other potentially functional polymorphisms. However, our meta-analysis also had some advantages, including a satisfactory quality of all 11 included studies, and a well-designed method.
Conclusions
The present results suggest that there may be a weak relationship between the ERα XbaI polymorphism and OA in European but not Asian populations, while the ERα PvuII polymorphism did not appear to be associated with OA in either Europeans or Asians. Because the studies included in the meta-analysis reviewed the relationship between the ERα XbaI polymorphism and OA susceptibility at three different sites in Europeans, large well-designed studies are necessary to confirm our findings in more homogeneous populations.
